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How cells orchestrate their behavior during collective migration is a long-standing question. Using magnetic
tweezers to apply mechanical stimuli to Xenopusmesendoderm cells, Weber et al. (2012) now reveal, in this
issue of Developmental Cell, a cadherin-mediated mechanosensitive response that promotes cell polariza-
tion and movement persistence during the collective mesendoderm migration in gastrulation.Embryo morphogenesis involves a com-
plex interplay of cell shape changes and
cellular rearrangements, with directional
cell migration representing a key compo-
nent of this process. Many studies have
unraveled mechanisms by which single
cells undergo directional migration. How-
ever, in their physiological context cells
frequentlymigrate in groups. Examples for
such collective migration include wound
closure, where cells move as epithelial
sheets, and gastrulation, where distinct
cellular layers move relative to each other.
How cells orchestrate collective migration
is not fully understood. Various studies
have emphasized the importance of cell-
cell junctions, guidance signals, and more
recently, an interplay of contact inhibition
and coattraction (Rørth, 2009; Carmona-
Fontaine et al., 2011). Others have pro-
posed that mechanosensation is critical
for collective migration. However, direct
experimental evidence for mechanosen-
sation functioning in collective migration
is still missing.
Weber et al. (2012) now provide
evidence that mechanosensation func-
tions in collective migration of mesendo-
derm cells during Xenopus gastrulation.
Directional migration of mesendoderm
cells was thought to depend on cell-cell
contacts. Isolated, individual mesendo-
derm cells fail to effectively migrate to-
ward a source of guidance cues, whereas
aggregates of mesendoderm cells show
persistent and directional migration under
similar conditions (Winklbauer et al.,
1992). Weber et al. propose that mecha-
nosensing of differential forces at cellular
contact sites between collectively mi-
grating mesendoderm cells is critical for
cell polarization and movement per-
sistency. The authors use a magnetictweezer apparatus to apply forces in a
physiological range on single mesendo-
derm cells by attaching magnetic beads
to their surface. Pulling on beads that
are attached to the cell surface via C-cad-
herin causes cells to form polarized pro-
trusions and show directional migration
opposite to the direction of pulling (Fig-
ure 1). This effect is not observed when
beads are attached via other adhesion
molecules, such as integrins or synde-
cans, suggesting a specific function for
C-cadherin in this process. Importantly,
although cadherin adhesion was previ-
ously shown to polarize epithelial sheets
(Desai et al., 2009), the attachment of
cadherin-coated beads without subse-
quent force application is not sufficient
to instruct polarized protrusion formation
and persistent migration in mesendoderm
cells. Finally, the authors provide evi-
dence that g-catenin, also known as
plakoglobin (PG), integrates the applied
force at the cadherin-binding sites to reor-
ganize a network of keratin intermediate
filaments (KIFs).
To further understand the C-cadherin-
mediated response, the authors analyze
mesendoderm cell doublets plated on
fibronectin-coated substrates. Interest-
ingly, these cells form polarized protru-
sions in an attempt to migrate diametri-
cally away from each other, suggesting
that they generate traction forces on their
substrate that are counterbalanced by
increased tension at cell-cell contact
sites. The resulting cell-cell contact ten-
sion may further polarize the cells away
from the contact area due to their
C-cadherin-mediated mechanosensitive
response, again enhancing cell pulling at
the contact site. Thus, C-cadherin-medi-
ated mechanotransduction may create aDevelopmental Cellpositive mechanical feedback loop. The
interplay between traction forces and
contact tension is also supported by
molecular data, showing that PG accu-
mulates at stressed contact sites, and
the KIF network is reorganized toward
these sites in a traction-force-dependent
manner. Furthermore, interfering with the
function of KIFs and PG within the gastru-
lating embryo leads to reduced polari-
zation of mesendoderm cells and more
general gastrulation movement defects.
Although these results, obtained in the
complex environment of the embryo, are
arguably more difficult to interpret, they
are consistent with a critical role of
mechanosensation in mesendoderm cell
polarization and collective migration.
The finding that PG and KIFs function
downstream of C-cadherin in mesendo-
derm mechanotransduction opens ex-
citing new research directions. In partic-
ular, the mechanism(s) by which PG
mediates the reorganization of the KIF
network in a force-dependent manner
deserve closer investigation. Recent ele-
gant studies in cell culture suggested
that mechanosensing at adherens junc-
tions is mediated by conformational
changes of a-catenin, resulting in in-
creased Vinculin recruitment and hence
strengthening of the cytoskeletal an-
choring of adherens junctions (Yonemura
et al., 2010). By analogy, PG-mediated re-
organization of KIFs may rely on tension-
dependent changes of PG that increase
the association of PGwith KIFs, but direct
experimental evidence for PG acting as
a force sensor is still missing. Alterna-
tively, PG may act indirectly by promoting
or inhibiting KIF regulators.
How cadherin-mediated mechanosen-
sation regulates cell polarization and22, January 17, 2012 ª2012 Elsevier Inc. 3
Figure 1. Mechanosensitive Polarization during Collective Cell
Migration
Top: Pulling individual mesendoderm cells with cadherin-coated beads
promotes the formation of a protrusion in the opposite direction. The traction
force that the cell exerts on the substrate is equal to the cadherin-mediated
tension at the cell-bead interface.
Bottom: Mechanosensitive cell polarization contributes to collective mesen-
doderm migration during gastrulation. Cells of the most basal layer, migrating
on the blastocoel roof, experience different cadherin-mediated cell-cell
contact tension at their front and rear. The tension difference is equal to the
active traction force that each cell exerts on the substrate and translates
into further polarization of the cell layer in a positive mechanosensitive feed-
back loop. Mesoderm tissue in contact with the actively migrating mesendo-
derm may account for unidirectional symmetry breaking (see text).
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Previewsmigration within the gastrulat-
ing embryo is not yet entirely
clear. For a minimal system
of two cells, mechanosen-
sation stabilizes diametrical
protrusions, resulting in cells
that attempt to migrate in
opposite directions. In a mul-
ticellular cluster, mechano-
sensation leads to radial
outward-directed cell move-
ments, a behavior previously
predicted and observed for
epithelial cell sheets cultured
on adhesive substrates. Inter-
estingly, traction force mi-
croscopy of these epithelial
sheets showed continuously
increasing tissue tension to-
ward their center (Trepat
et al., 2009), due to the addi-
tive effect of traction forces
arising from cells migrating in
a radial outward direction.
For each individual cell, the
traction force thus reflects
the difference in tension be-
tween its front and rear.
Adapting this idea to collec-
tively migrating mesendo-
derm cells, Weber at al. pro-
pose that cadherin-mediated
mechanosensitivity translates
differential tension into cell
polarization and persistent
migration. However, although
thismechanismexplains radial
spreading of cellular assem-
blies, it requires additional
symmetry-breaking factors to
produce unidirectional collec-
tive migration. The source ofthis symmetry-breaking factor is unknown,
but the posterior mesoderm is a candidate
as drag forces exerted by this tissue at the
back of the anterior mesendoderm would
enhance mesendoderm cell polarization
in the direction of migration.
Considering the 3D tissue architecture
of the gastrulating embryo, the above
model may need further refinement.
Notably, mesendoderm cells migrate as
a multilayered sheet of cells in a shingle-
like arrangement (Figure 1). The tension
distribution across cellular contact sites
in these layers thus also depends on the
behavior of the more superficially located
cells, whether they are actively exerting4 Developmental Cell 22, January 17, 2012 ªtraction forces on the underlying layer of
mesendoderm cells, or are passively
being pulled by the cells underneath.
Quantitative experiments on mesendo-
derm cell movements in a multilayered
arrangement, combined with a rigorous
theoretical analysis, are thus needed
to determine the contribution of the me-
chanosensitive feedback loop in more
complex cellular arrangements. More-
over, laser ablation experiments to map
tension within the mesendoderm tissue
in vivo could help assess actual force
transmission and its relationship to
protrusive activity, which would assist in
unraveling the mechanosensitive contri-2012 Elsevier Inc.bution to this process. Like-
wise, extending the bead-
pulling assay to multicellular
mesendoderm aggregates,
ideally in conjunction with
traction force microscopy,
could bring further quantita-
tive insight into how differen-
tial forces at cellular contacts
are translated into polarized
protrusive behavior.
The discovery of a cad-
herin-mediatedmechanosen-
sitive feedback loop involved
in mesendoderm cell polari-
zation and persistent migra-
tion represents a major step
toward elucidating the role of
forces in organizing collective
migration. Future studies will
take advantage of the steadily
increasing number of bio-
physical tools, such as laser
ablation and FRET-based ten-
sion sensors (Rauzi et al.,
2008; Grashoff et al., 2010),
to further elucidate the molec-
ular and cellular mechanisms
that underlie collective mes-
endoderm cell migration.
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